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Effect of Different Cooling Methods on the Flavor and Microbial Safety of
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Abstract: Based on the author’s previous study, immersion vacuum cooling with ultrasonic assistance (IVCUA), is further compared with
immersion vacuum cooling (IVC), vacuum cooling (VC) and air blast cooling (AB) for the change of volatile compounds and microbial count in
cooked pork ham. Electronic nose analysis results indicated that the differences on the volatile flavor compounds of cooked pork hams treated
by different cooling methods could be sensitively detected using the electronic nose. The results of GC-MS analysis demonstrated that there
were significant difference on the compounds of volatile flavor of cooked pork ham treated by different cooling methods, and 66, 70, 77 and 106
volatile flavor compounds were detected for VC, IVC, IVCUA and AB samples, respectively. VC, IVC and IVCUA samples had a higher loss
on alcohol and hydrocarbon compared to those treated by AB. However, these losses didn’t produce a significant effect on the total produced
flavors. Compared to IVC and VC samples, [IVCUA samples had more compounds of volatile flavor including aldehydes, ketones and esters,
which play an important role in the formation of total flavors. In addition, it was concluded that samples treated by IVCUA had a lower total
viable count and lactic acid bacteria count compared to those subjected to AB, VC and IVC treatment during cold storage, indicating a longer
shelf-life. Results confirmed that [IVCUA is reasonable to cool the cooked meat products as an innovative cooling technology.
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Fig.1 Schematic diagram of the modified vacuum cooling
equipment
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Fig.2 Response graphs of 14 sensors for flavor compounds from
cooked pork ham treated by different cooling methods
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Fig.3 Principal component analysis of electronic nose data from
cooked pork ham under different cooling methods
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in cooked pork ham treated by different cooling methods

AT HABIACTRAR I, XU 52080 PRI 1)
AR R . RIS, IR b 2
FEBEE R AR AR B el B A BAEH, T
XL R BT 57 A AR Y B P A 25 T R
KRG, EIAEEESS. BE2S. Be2K. Mek. SaUks
Y. SRS MARIMEEYE. HAh, IR
IR HESE, DU A A AT S 20 K
BRI RS0, P 4 R 1 AT, AR O
HAEER PG BRI R R 5t A —
7. AB AACH G BRILEEH T 106 FidE
RUERBRYIBT, FEOFERE (16). KK (52). B
2 (10, B (7). BZE (D, F5EZ (9, Bk (2).
825 (2, HAth (3D, 1fi VC 4. IVCUA 411 IVC
o A% 66, 77 F1 70 B RUEHE A 2R

237



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.8

Ab, B RIRP BT HIRNZR B 220 AK, 322 th R
R, WSS, MR, WS, D5, MR, MRISAIH
SR IR AL 7S5 2 . R, A TA
HARA AL 7 3 BRI 2 B0 3 R M X
VIR, (BRI RSB AAAZ
MR e BRI R ANE IR RIS . R AR &
BRE, HAEWALHMEAR T EZAERER, BR5E
MR EABOERK, TN, BEE. WAk, 5
FIRAEMRMBCERIED, FERR 2. IRAERTHISC
BRBORE, 7T, RESR AT DATE PE 3B N T Bl ik
RERERA R, BT T BB T X P KR
RURARE WL EER . 4h, B 3: 2k
VTR EACHIB ) Jeke i AR BB T A 5 3
TR AR B BRI USR5 T AR
PrsE AR . SR REESEAERER, 7 A 2RAERSE
[F % R BB X R B i KB, Rk
P, BEE. BEK. BRSNS E 0 H R A KAy
HEEEAE M. 07, Fekedeh T HXRBIE X,
Xof UK (B TR T LT P AR AT o RIS, ke T S

P ITEAER By, T H BB KIS KR o1
BRI Ak, BERITE R LR 2 Fhises, BdEE
FERRARHT S MR L. Bk b 8 B S, (H
T I AR R A 5 KT 6 P K R R 5 A RR
6303 LA, AMER BRI, B TR RO
(180 e R %o 7 K PR ) AR S /N o S, AR AR T
A SCHR TR, R B EE S ] L TR
T AEMH R P s K. B S 2, RERS
A B FAACE AT KR 5 an i R AR R S e A=
A& A — @M, (E 2 ZERZ A P b 1 X
YIRS, R, BRSNS B RAE SR A & LA
PARATBR, AT 15 B B2 A B AR AR A 7 20k
JR ARSI B, S BH LA PR b S R mT AT
MEL A S HARM ARG K E, L VC 201 TVC
HIMF, IVCUA HALHE 7 20 ORR KU o i
KWL, BRI ERSS AB AN HEHL, Ui
REE TP MO OR B . MRS, R, D7 &R kit
PRI, AT I HE B AR 1) AR o

1 FREIFVL B AR FEAARZE & M KR B A 220
Table 1 Effects of different cooling methods on volatile flavor compounds of cooked pork ham
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Table 2 Result of total flavor ingredients determined in cooked pork ham treated by different cooling methods

TR A G AR L N A R ALK AABXT B F/%

WA H R BHE — - - - -
N A Bk A mMEX  RE  FEE  BE BE e
16 52 10 7 4 9 2 2 3
AB 106
38.08 38.23 4.75 6.63 2.93 7.18 0.30 0.29 1.61
10 29 8 5 4 6 1 1 2
vC 66
41.20 27.14 542 11.35 3.61 9.23 0.19 0.43 1.43
10 34 10 6 4 8 1 1 2
IVCUA 77
38.16 40.08 4.90 7.14 291 8.04 0.07 0.21 1.48
9 31 9 6 4 7 1 - 3
IvVC 70
40.66 30.72 5.73 8.61 3.52 8.99 0.17 1.59

% 3 FREFUATEMARNAKAVLEIIIE (4 C) hEZRRHMIBEHRENTN
Table 3 TVC and LAB evolution (log CFU/g) in cooed pork ham treated with different cooling methods during 4 “C storage

E 3 BEEH LR
/d AB vC vC IVCUA AB vC vC IVCUA
0 <1 <1 <1 <1 <1 <1 <1 <1
7 2.36(0.35)f <1 <1 <1 2.59(0.11)e <1 <1 <1
14 3.56(0.36)e I 2.67(0.22)d1l  2.41(043)dIl  2.25(0.12)e Il 432(029)d 1 2.91(033)cIl  2.36(043)dIl  2.37(0.19)fII
21 5.060.18)d T 3.63026)cll  3.83035)cll 3350191l 4.78(045)xd | 345027)cll  3.55034)cll 3350371l
28 5.83(0.26)c I 5.22(0.19)b1l  5.04(0.36)b1I  4.39(0.22)cllI 5.33(0.39)c I 5.29(0.14)b I 5.14(022)b I 1T 4.39(0.16)c1I
35 6.98(0.35)b 1 6.39(0.38)all 6.06(0.15)ab I 1I 5.16(0.23)bclll  7.01(0.26)b I 6.57(0.24)a I 5.79(0.26)ab I II 5.26(0.19)bc II
42 756(025:b1 679028)all  6.340.08)all  5.73(031)ablll  7.56(0.31)ab 1 6.69(0.31)all  6.14(0.19)alll  5.89(0.41)ablll
49 73602801 684026)all 651034all  626(026)all  7.89022)al 7.11(0.16)all  6.33(026)alll  6.33(0.24)alll

Z: RIFARRNEFE (a0 by o d e [) REAEFHIFE, p<0.05; RATARRLHT (1. 11 1) KRERE T X4 £

FHRE, p<0.05,

23 TR TUAH R ATE ST K R A R

HEFEELEALREHER N

AR A T X0 78 PR 4 et 2 B v A SR
FURR AR TE AR 3. B AB 446, Hifth 3
TR e 77 AL B 5 PR i PR TR Ve 5ORD LR P Al A
58 7 d NEI/NT 1 log CFU/g, 14 d J 5 S B0 1
Khass, HERMEEE (p<0.05) . %15, IVCUA
ZHADER AR P R B A ORI B R T I ek A
HIE KRR BT VC 4, HPTEEMET IVC 410
AB H. M3 3 Fisn]LUEH, FURREAEESE
AL, nIREE TR KRR T, IR
SR, PO K LR 1 RS A bR
P R B (R o AR PR s i B o
XA PR S s R, E I G R R AR gl K
R4 53T 2% WA 75 Il A E G A4 PA) PP e b R K A v
R SR AT B AR MR ) S B M B A R, 3=
T AN A . Mendonca™ A A HRIE [ T34 i A (1

“URTE” (cold shock) RN 25N ELHEFLER 8 75 N 1]
AR PR REPE, AT S0 LA E S5 B s
K. FEARRMRIRE TN, e A KA G
BN T 40, IR T -G RO )3 R[] DA
T EH = AR PR 20 R R R P e SRR R TR
MR o R, SUBRE A K323 TRREI,
UL, IVCUA 4H3RAS RN AR (1) 7L IR b A R 1 V4
SEECR, WTRES FRE T4 R AN R i B K
WACRAFEE D RIBER G %, M TE R, M A
Hl TR BB 7 log CFU/g B, YO H 224
PEPRIEST, &I, Mataragas 25\, Kreyenschmidt 2%
A Hu %5 AP0 #06 FUBR B VR AN B2t 4
s A B 25 A0 2B PRI 2R PRI ) A J R (P R
MF 3 AR, 49 d B, VC 41 IVCUA 41 4bE
JE A AR B B AR 7 log CFU/g, 4R IVC
AN AB AACE SR LR R EE DT T 7 log
CFU/g. H1EEA, TVCUA ZHAENSSE-K 7t BB i £
I, 7E 49 d B AR BT .
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